Aim: Herbs are used widely in medicine. The purpose of the present study was to assess the ion release from gold-plated orthodontic bracket compared with other stainless steel brackets, and based on the findings of the study, the orthodontists can choose the most biocompatible brackets and mouthwashes useful in the clinical practice.
INTRODUCTION
After the introduction of edgewise brackets by Angle, 1 a wide range of brackets were introduced and made from various alloys, such as stainless steel (iron, chromium, and nickel), titanium, and cobalt-chromium alloy. 2 One type of metal bracket is plated with 24K gold to make brackets brighter than other metal brackets and enhance wear resistance. These brackets are fabricated by one of three methods: Casting, milling, and metal injection molding (MIM). [3] [4] [5] The biocompatibility of dental alloys has been investigated over the past two decades. The introduction of metal ions into the human body affords the additional risk to health, as these ions may be released in different places and at different levels depending on the characteristics and solubility of the products containing them. 6 The resistance to corrosion, a substantial aspect of biocompatibility, could be affected by several factors. The first depends on the type of alloy, manufacturing process, and surface characteristics of the piece. 7 The second attributed to the environment in which the piece is inserted. The third referred to the use or aging of the alloy. 8 On these considerations, it is logical to assume that one-piece system brackets have increased corrosion resistance and are free from corrosion risk associated with galvanic couple of brazing alloys with the stainless steel occurring in conventional two-piece brackets. During the course of orthodontic treatment that may last more than 1 year, development of white spot lesions (WSLs) is possible unless very good oral hygiene is maintained along the period of treatment. To prevent its development, right and careful brushing of teeth with
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fluoridated dentifrice must be explained to the patients, also, use of mouthwash (fluoridated or herbal), bonding brackets with a glass ionomer cement, topical application of stannous fluoride, and casein phosphopeptideamorphous calcium phosphate may play a role in reducing the incidence of WSLs. 9, 10 Chlorhexidine mouthwash is mostly prescribed due to its effect on bacterial cell membrane integrity. It acts on Gram-negative and Gram-positive bacteria, fungi, yeasts, and viruses. 11 Although it is potent, it has many side effects like brown staining of teeth, disturbance of taste, mucosal desquamation, and increased calculus deposition. 12 Again for biocompatible reasons, the main substitute of chlorhexidine is herbal mouthwashes. They do not have the side effects of chemical mouthwashes and can be used for the prevention of WSLs and strengthening of enamel, such as Siwak, Aloe vera (ALO), and cinnamon. The use of mouthwashes is associated with ions released in saliva. In vitro studies [13] [14] [15] [16] [17] [18] were performed to estimate the concentrations of different ions, such as Ni, Cr, Cu, Fe, and Mn in chemical (fluoridated and nonfluoridated) and some herbal mouthwashes. To the best of authors' knowledge, gold-plated bracket has not been investigated in regard to ion release. Therefore, the aim of this study was first to assess the ion release from gold-plated bracket compared with common stainless steel brackets; and second, to estimate herbal mouthwashes with regard to ion release in an attempt to be able to choose more biocompatible brackets and mouthwashes in the clinical practice.
MATERIALS AND METHODS
Sample
• The sample consisted of a total of 150 maxillary premolar orthodontic brackets (Roth type, 0.022 inch slot, Orthotechnology Co., USA 
Methods
The three metallic orthodontic bracket types were first placed in an acetone solution for 2 minutes for surface cleansing, 17 and the pH of each mouthwash and the DW was measured using pH meter (JENWAY, model 3320, Cyprus) as shown in Figure 1 . The brackets were subdivided into five subgroups (for each main type) according to the mouthwash, 10 per each subgroup and dipped separately in a 20 mL glass beaker containing 15 mL of the specific mouthwash and kept in incubator at 37°C for 45 days. 13, 14 The samples were subjected to atomic absorption spectrophotometer (Flame Atomic Absorption Spectrophotometer-Analytik Jena/NOV AA-300, Germany) for the scientific reading of nickel, copper, and chromium ion release (Fig. 2) . The concentration of manganese was determined using furnace atomic absorption spectrophotometer (Fig. 3) . Iron was analyzed by flameless spectrophotometer (Cecil 1011, Germany) with iron kit (Liquicolor, Human diagnostics Worldwide, Germany). All of these procedures were performed in the laboratories of poisoning center in Iraq.
For more study interpretation and further understanding, X-ray diffraction (XRD) instrument (Lab X-XRD-6000 Shimadzu/Pure Faculty of Education Sciences) was used to analyze bracket material components.
Statistical Analyses
The collected data were analyzed using Statistical Package for the Social Sciences program, version 21. The analyses including descriptive statistics (means and standard deviation) and inferential statistics (one-way ANOVA test) were used to analyze the differences among mean ion concentrations in different mouthwashes and among bracket types. Games-Howell test was used for multiple group comparisons if ANOVA revealed a significant difference.
RESULTS
Results of Ion Release
Three different types of orthodontic brackets from the same company have been subjected to four different mouthwashes to measure the amount of ion release in addition to DW as a control group. The ions measured in this study were Ni, Cr, Cu, Fe, and Mn. Table 1 shows the descriptive statistics and comparison of different ions released from different brackets in each mouthwash and among different mouthwashes for the same brackets. In general, there was high statistically significant difference in ion release among different types of mouthwashes for each type of bracket. Games-Howell test revealed mostly high significant difference between two types of mouthwashes (Table 2) .
Comparing the ions released from different brackets, Table 1 revealed statistically high difference except for Cr in DW, ALOF, and cinnamon. Table 3 shows the difference between two types of brackets in different mouthwashes, and there was high significant difference except for Cr, Mn, and Cr in DW. 
Results of XRD Test
For votion bracket type, XRD showed that the base is composed of Cu (82.2%) and Ni (17.8%), while the bracket is composed of Co (30%) and Fe (70%) or Al (50%) and Ni (50%) (Graph 1). The result of this test for Pinnacle brackets was Cr (33.3%), Fe (33.3%), and Ni (33.3%) (Graph 2), while gold type is coated with 100% pure gold (Graph 3), but XRD could not penetrate the coating layer and examine the inner components of brackets.
DISCUSSION
In this study, three different types of brackets were used, namely, gold brackets which were stainless steel brackets plated with 24K gold of one piece, votion brackets which were of two-piece system, and finally Pinnacle brackets (stainless steel one-piece system). Moreover, four types of mouthwashes were tested for ions release, and three A B of them were herbals as the medical trend now is toward herbs in medicine. The brackets were immersed in mouthwash for 45 days according to Danaei et al, 13 as this period represented approximately the contact between the brackets and mouthwash during 2 years of fixed orthodontic treatment. According to Gwinnett, 19 adhesive resin was omitted to eliminate any other source of ion release, both surfaces of the brackets (face and base) were subjected to the mouthwash accordingly, and the ions released were doubled. Although being the first study that inspects the ions released by gold and metal injection mold brackets under the effect of herbal mouthwashes gives this research its uniqueness and novelty, it makes the comparison of results with other research difficult, and moreover, surface area of the brackets, methods of ion release measurement, and time of immersion have effect and differ among various studies.
In human mouth, normally metal is released in saliva, and the amount of metal released is affected by: (a) Salivary constituents which differ according to human health and day times; and (b) different foodstuffs and beverages of low pH. 20, 21 Mouthwashes in the present study were used in static situation not dynamic like in actual life, so metal release may be less, also the state of saliva and teeth brushing that removes the oxide layer may have an effect. 13 Ion release due to bracket corrosion is a classical problem in orthodontic treatment. Corrosion can be defined as a destructive phenomenon of metal or alloy by chemical or electrochemical changes. It takes several forms. First, overall surface attack slowly reduces the thickness or the weight of metal. Second, only isolated area affected produces localized corrosion. Third, corrosion occurs on grain boundaries or other lines of weakness. Metals or alloys tend to enter into chemical union with the elements of corrosive medium to form stable compounds similar to those present in nature (corrosive product). The physiochemical corrosion may be divided into seven categories: (i) Galvanic corrosion, (ii) intergranular corrosion, (iii) pitting corrosion, (iv) concentration cell corrosion, (v) stress corrosion, (vi) dezincification, and (vii) erosive-impingement corrosion. 22, 23 The factors found to be influencing on corrosion can be divided into 24 internal corrosive factors (determined by metal composition, manufacturing method, and bracket surface characteristics) and external factors (which depend on media composition, pH, temperature, strain, illumination, impurities, dissolved salts, and oxidizing agents). Even when the same alloys were used, different results were obtained; this may be due to variation in analytical techniques, such as different sensitivities, interferences, and detection limits.
The XRD has also been used in this research, and it relies on the dual-wave/particle nature of X-rays to obtain information about the structure of the crystalline materials. The scattered monochromatic X-rays from the target material undergo constructive and destructive interference, this is the process of diffraction. The direction of possible diffraction depends on the size and shape of the unit cell of the material. 25 The intensities of the diffracted waves depend on the kind and arrangement of atoms in the crystal structure. Most materials are not single crystals but composed of many tiny crystallites in all possible orientations called a polycrystalline aggregate. When material with randomly oriented crystallites is placed in the X-ray beam, the beam will see all possible interatomic planes. If the experimental angle is systematically changed, all possible diffraction peaks from the material will be detected. 26 The result of ion release in the present study, Table 1 (descriptive statistics) reveals no systematic pattern between bracket types or mouthwashes. Regarding ion release in different bracket type groups, gold and votion presented high concentrations of ions release than Pinnacle, and this could be attributed to the metallurgical process, manufacturing process, and microstructure reasons as well. 4, 21 The XRD of gold gave the outermost layer to be pure gold, and this layer was originally plated on the one-piece-casted bracket to increase resistant to wear, peeling, and chipping; nonetheless, the ion released after mouthwash immersion was conspicuous indicating that this top layer was not strong enough to resist corrosion. Gold bracket is thought to be affected by stress corrosion. Internal stress may be produced by nonuniform deformation during cold working (bending, shearing, and punching), by unequal cooling from high temperature, and by internal structure rearrangements involving volume change. This type of stress produced crack which accelerated corrosion. 22 In votion (two-piece system bracket), 80-gauge micro-etched mesh bonding base was brazed together with stainless steel MIM body. High ion release might be related to the different elemental compositions of these two types of stainless steel, and the brazing alloy gives rise to variance in their corrosion potentials. 27 The less stable metal tends to corrode and oxidize, releasing ions into the solution as it disintegrates. 21, 27 Furthermore, the shape and design of the base increased the surface area exposure; this increased the possibility to corrosion, especially concentration cell corrosion. This type of corrosion is associated with joints, gaskets, scales, and looseness of the protective film, and it is caused by a change in concentration of environments and acidity changes. 22 The results showed Pinnacle as statistically significant in lower ion release in different mouthwashes, and this gave it the merit of being the most biocompatible bracket. Regarding ions released in different mouthwashes, the ions released from the brackets in DW (control group) were attributed to the lack of ions in its content which made it a violent solvent. Distilled water is produced by vaporization and condensation which ensures high purity. Ideally, the water should be nothing but hydrogen and oxygen molecules, no additional gases, minerals, or contaminants. The corrosion of metals in water is affected by the oxygen content, the level of pH, water temperature, and duration of immersion. The pH of DW (control) was 7.04, so it is not the acidity that may contribute to corrosion; DW in lack of minerals acts like a magnet absorbing ions from stainless steel, and this agrees with the studies of Danaei et al 13 and Patel et al, 14 and yet in this study, it
was not the highest corrosive solution as mentioned by these researches.
Certain ions, such as nickel and chromium can result in symptoms of toxicity and allergic reactions. 28, 29 The most significant human exposure to nickel and chromium occurs through diet. The average dietary intake of nickel and chromium is 200 to 300 and 280 μg/day respectively. 30 Nickel concentrations in drinking water generally measure below 20 μg/L, while average chromium levels in drinking water are 0.43 μg/L. The Ni and Cr ions released from orthodontic appliances in this study were insignificant when compared with the amount from daily food and water intake. Despite different study designs, these results show slightly lower concentrations than reported in other studies. 13, 31 In the present study, the means of ions released from every bracket in separate beakers were measured, but based on about 20 brackets in a patient's mouth in clinical use, the results might become clinically significant. 13 In this study, ALOF mouthwash had the highest nickel and chromium ion release that could be the result of fluoride anion. In an acidic environment, corrosion could easily occur even with low fluoride concentrations; 32 pitting type of corrosion is caused by anions, such as chloride and fluoride ions which attack the protective oxide layer. 33 Manganese and copper were the highest in ALO mouthwash, although these results disagreed with Singh 34 who found that ALO has inhibition efficiency of corrosion lying between 22 and 73% at different concentrations; however, there are several possible explanations for these results. It seems possible due to Cu ion percentage in the stainless steel alloy of bracket and the chemical composition of mouthwash. Aloe vera herb consisted of 75 nutrients including vitamins, enzymes, sugar, phenolic compounds, lignin, saponins, sterols, amino acids, and salicylic acid, and the minerals that are present are Ca, Mn, Na, K, Cu, Mg, Z, Cr, and Fe. 35 This explains the results of increasing Fe, Mn, and Cr ions, especially for the last two ions where it is considered as main component of stainless steel alloy. Iron was highly released under the strong corrosive evidence of cinnamon mouthwash, especially with gold bracket, and, i.e., due to its low pH value (2.83), which is one of the most important factors of corrosion combating process; furthermore, highly released ions might be correlated to the composition of cinnamon herb that 1 ounce of it contains iron (13%), magnesium (4%), copper (5%) in addition to other minerals, vitamins, amino acids, and antioxidants, such as polyphenols, phenolic acid, and flavonoids. 36 For the groups immersed in chlorhexidine, the finding observed in this study disagreed with those of previous studies that had examined the effect of chlorhexidine on orthodontic appliance showing high corrosive affinity, 13, 37 and it might be conjugated to its balanced pH value (7.10).
CONCLUSION
It can be concluded that mouthwash corrosiveness, which in turn depends on its chemical structure, and the bracket manufacturing process are major factors responsible for the release of metal ions from dental brackets. The amount of ions released in herbal mouthwashes is higher than chlorhexidine, so prolonged use of these mouthwashes is not recommended. Pinnacle bracket releases ions less than gold and votion brackets in the tested mouthwashes making it more biocompatible.
